Searching PAJ 



1/1 ^— V 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2002-220281 
(43)Date of publication of application : 09.08.2002 



(51)Int.CL 


C04B 35/49 






B41J 2/16 






B41J 2/045 






B41J 2/055 






H01L 41/09 






H01L 41/187 




(21) Application number : 2001-015079 


(71)Applrcant : 


KYOCERA CORP 


(22)Date of filing r 23,01 ,2001 


(72)Inventor : 


ITO KEISUKE 



(54) PIEZOELECTRIC CERAMIC COMPOSITION AND INK-JET RECORDING HEAD USING IT 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an ink-jet recording head having no defects such as 
breaks, chippings, etc., in its partitions and enabling a stable injection of ink drops for a long 
period of time. 

SOLUTION: Partitions 1 composing actuator parts of an ink-jet recording head 10 are mainly 
composed of a piezoelectric ceramic composition comprising a perovskite-type compound with 
composition of Pb(Zr Ti)03 r in which a part of Pb is replaced by Ba and/or Sr and a part of (Zr 
Ti) by (Zn1/3 Sb2/3} 1 (Znl/3 Nb2/3), and/or (Ni1/2 Tel/2), containing Fe of 0.01-0.3 wt.% (as 
Fe203), Al of 0.01-0.04 wt.% (as AI203), and Si of 0.01-0.04 wt.% (as Si02). The compound 
comprises crystalline particles with average diameter of 0,6-0.7 jxm and has 4-point bending 
strength of >70 MPa and fracture toughness £0.7 MPam1/2. 
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[IBS] SffifimXfcfevvCs HSSfcm^yty^ 

x-*ai$-:Cr*1BflSl£, Pb (Zr Ti) 0 3 fflj£ 
&<DP b §B£ . Ba, S r <D 5 ffifeLh.0753B^ 
ffigSU (Zr Ti ) (Zn 1/3 S 

b 2/3 ) N (Zn 1/3 Nb 2/3 ) , (Ni 1/2 Te,/^ 

ft££flcfcU i(CFetFe,O,lWC0. 0 1- 
0- 3B*%. A l^Al 2 O 3 MT0. 0 1 — 0. 0 
4SA%. SiSrSiOjSSJt-CO. 0 1—0. 0 4* 
^#*U JJB*««K0T*WS«IHWO. 6-7 
/*mT\ 4jftftH , 3jSte*»7 0MPaJSUi. llEmtt^ 
0 . 7 MP am">ja±?ftSE«atiHe^*IM^ 
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Ift&Ml ] Fe£Fe 2 O 3 fc#|fl:LT0. 01 — 0. 
3MS%. Al£Al 2 O 3 fc:g|5tLT0. 01—0. 0 
SiJSiOjCifUO. 0 1—0. 0 
4M»**TU «aiA^HWt s Pb ( Z r T i ) 
0 3 ffl^OPbO~g|i^, Ba, S rC05*>- «ELfc 
<07SR"CH»U #o(Zr T i ) gP£, ( Z n 
1/3 Sb 2/3 ) „ (Zn 1/3 Nb 2/3 ) , (Ni 1/2 

Te,/i) <o^>%— W&±infflfT?m^iz+^rfxJ!i 
-f Na-fk-^ftoT^ttastFSse* o . e - 7 ^ m . jje 

m&knA&Wrffflttfil 0 MP aJSLt, 98fMH£flH< 
«Sft«0HBe*MSU #ffiiEig&-'f V9<rffi&b Lttt 

Fe^Fe 2 O 3 fcMSU0. 01-0. 3SS 
A 1 &A l 2 O,teStJtLT0. 0 1—0. 0 411 
S i SrS i dfcKWtLt 0. 0 1—0. 0 4ftfi 
K*frU 8HW#£KWte. P b { Z r T i ) 0 3 ffl 

■CBtfcU #*o (Zr TD^HKS, (Zm/9 
Sb 2/3 ) s (Zn U3 Nb 2/3 ) s (Ni 1/2 Te 

fflfc-&tti*»£>JS<K ±IE^n^x*-f hM^ftcO^% 
KIMFF®** 0. 4 ^tttf®^7 0 M 

P a£UL Wm&mffO . 7MPami/*J2LLTJ&4 

ABSfrteJ; OJ^JS k £#®kir£ 4 y^^'x -y h 

[00 0 1] 

k fii«#E c U apr^gntOttfcfthJfcf-* yfg^/u 

■y HBH^y FfcBW-* fe0>T*4 . 
[00 02] 

mwmwmmt hxmm Liz. i> viz . stmxmmm 

[0003] MUX , ffit7?foX-^ll m&ftiz 

fete. 3HStt&9c#<s ^fi£, fiStf/h&V^flfcfute 
^fc#J«-$-.6£E«*mfc LT(±. PbZr0 3 -PbT 



iO s (JSIT. Pb (Zr T i ) 0 3 k^3 ) ®.f8&k<7) 
ft^Mf^ft&ik^M^iiTiJrK •t<ofctoWi 

[0004] 5 ^Bm^m-^smm^mm 

kLT. WiK, Pb (Zr Ti) O g O 2 J&a-ffljft 

*3«*fcLT, Pb (Zn 1/3 Sb w ) 
0 8 , Pb (Zn 1/3 Nb 2/3 ) 0 3n Pb (N i 1/2 
Te,/,) 0 8 <%J«ar< k t-SltlfflffS-frfc^n^* 

[0005] ifc, - 5872 

X. NiO. CuO, Bi 2 0 3 . ¥0 3 ^<tt- 
S£ 0 . 0 1 -3 m o 1 S^fflT-fr* UsJETOJBH. 

[0006] — 36u i£¥ x fi^y-y^dx 

^~5tfm\iL>tix^h . 

[0007] 13 >?Vx -y NfSli^-y 

-MSrSVf-iati. £<0-f y?^x?Mi\7 h"2 0 

(J2TF. mz^Yt^o) it. EMmssmjtmzM 
^yv^A-Mzx &mmjLtzx~iimwmtt>titz 
mt^mzmsiV. &m:4V'7<mMkiztthbb 

SiB»2 2*tfcej-S«SIME2 1 k LftSUWtf 2 
7 k , ±=B#H®2 1 OHHD±^H^RAStiftnb 

Jim® 2 3 k . ^?BM2 lwasfiaaHct^^ 
22*s?M^28k. ifBsriKSPw 2 7 com: 

^?R2 8K<±, #SES&2 2k®jiL. aE»2 2rtt>f>' 
[0008] -€-LT, ilO^vF20j:9-Y>^»tll 

*mxL, mm2 1 c»inuns2 3«aiu 

P1M2 1 &3B«t-*E«SBSSjgWft^»ISf^-KS0l?fc 
<fcr>TISS2£2l£SiBigSa2S-*&tfctoJ:0. P1M2 1 
IBKcTff?TO^*Ut:ffiH2 2|*3«0>f y?£Su£EU ^«SS 
B2 2 k^JM-r-l.^ y?tt£fi?L2 5 «t O^f y^JiS^tttfi 

tat, Pb(2r Ti) o a sj&^coEsmsm 

fffik&m^tztiX^X:. 
[0009] 
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d£#&ft£>, Pb (Zr Ti) 0 3 jjfij£i5U;:*fU 
(Zr Ti)^&(Zn 1/3 Sb 2/3 ) . (Zn 
1/3 Nb 2/3 ) . (Nil/, Tej/j) <7)3%— gJiLL 
^j£#Tffi&Lft^n7*X;&-f hSHfc£*!^j££,EEtt 

#ft-?ft. 

[001014ft, J£S«flHHBiMlr»mff'B c # 

[00111 — -f * -y H 2 0 ©SE 

»2 2*-aH3J*tHfi62 Hi. Ktfl OO^mtlT. 

WCft £ i: . 2 1 JtWSE» 2 2 ^fifcfcfcl, >T . ^ 

i iffitdz 9 . BSffi 2 l fcf - -y ey/ ( £tf ) ^<Wi 
tf*#3Rfi£ U , SRft LTUOMW2 7 *KfW4 £ t 

j&^mbOfcfflWCw K 2 0 £«ff*U -f ^ffllttt 
aj$tf£ftifcfcSlsi&mm2 3te3MLTH«2 1 £JS 
E&^ft$-£i: 3 i; LT & . dM2 1 fc*A*ffi**fc*fc*> 

ftiljB^'ftoft. 

[0 0 12] 4ft, SHE2 1 *fflft3EfflS^*t=tis Hi 

*t#< fc ftHS*, ft oft, 
[00 13] 

Hfc»fc. Fe^FejO 3 ^IU0. 0 1—0. 3 
tlX. Al £A liOsKSWtTO. 01—0. 04 
fi*%, Si^SiOjtHUO. 0 1 — 0. 04 

fis%**ru mmmmmz. Pb <zrTi > o 3 

fflj£^<0Pb<D-§|$&, Ba. SrcOd*>— mtLh<507C 
ftIIU^(Zr Ti)<?)-g|i£\ (Zn 1/3 
Sb 2/3 ) , (Zni/3 Nb 2/ g), (Ni 1/2 Te 

SMfe'#*s6»fejft9, ±3S^a^*-f bSMfc^Hg^J^ 
iMWO. 6~7/imm.ti:t>[=, 4j£ffiJf 

7 0 MP afeLh, W&M&mtfO . 7 MP a m 
1 / 2 GLht'ft S «&ttiz i 0 J£TOIHBl8ft*tll)& Lft 



[00 15] 

[0016] 3H^£Em8BfijffiflM±. M&ft-fc LT 
Fe&Fe 2 O 3 (:ISU0. 0 1-0. 3fi%. A 
UAljOjtiSLtO. 0 1—0. 0 4li%, S 
iJ:SiO 2 fc:iSLt0. 0 1 — 0. 0 4lt%OlE 

bt** u mM&mmmz, Pb<z r tdo 3 

ifij£^tf)Pbc9— SJ£. Ba. S r <o 3 «JiLL<7)7U 
ftffijSL.^(Zr Ti)0-ai*. (Zn 1/3 
Sb 2/3 ). (Zn :/3 Nb !/3 ), (Ni 1/2 Te 

coo h~m&±.^m-x-m.m uz^y^ 4 v 

^fc-^ft^^Sfffia?®* 1 0 . 6 - 7 ju m <7)Wzfo 
[0017] Wlf&ftt LT-MTf* Fe, Al. Si 

•&#m^ft "9 , Fe % ai, si fc 
^#o^TOss^^#<^§-frsft^. mix-is; 

fiETOHffifijSSj^fcP e, Al, Si j&9ftif-fr4*LSrv^ 
1, Si *±JfiLftJBfflp^**3*& i fc (c J: 0 . E 

[0018] Hfl8*t UT^-r^ A lkSi 
TfttetJV^TT. »oS^:PbO-Sio 2 -Ai 2 

[0 0 1 9 ] 4ft, _LfEPbO-S 10 2 -A 1 2 0 3 J 

[0020] #minmw&3mmm&, mm 
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[002 1] fit, A 1 m/S i «**ft*-t-*t-e*l 
Al 2 0 3s SiOgt=flt3tLT0. 0 1—0- 0 4Sfi 
%fc LfcfiOli, A I Jfctf S i <^^-S* J -f-fL-mA 1 2 
0 3s SiO 2 {;g|IU0. 0 1«*%*»t**fc. 

*v^6rft o s mzA i s.ixs i c^^rs^-f-fL-ffi. 

A 1 2 0 3 , SiO 2 ^»LT0. 0 4*«%feJBx.& 

rni^vvy? (xm w<nxwmLL%<%:z>t 

[0022] ftttJlE c *rtLhS^«ifc3fl«T& 

A ta J; & 4> <D t # il £ . 
[00 2 3] Fe(4, aaStt+fc^mvt, Wsj-V^MSk 

it&*-f£Pb (Zr Ti ) O 3 fflj^«0B^ hfc 
AO. BlM rfrfl&fc-r&ZrXtiTi 

B B B^rttai^£RH££t£^T&£#\ ^n/X^-f 

f e ^±^\^mff)smmmmmiz 

-)umz± zmnrnxmiz. ^-f-vt^Ftf-f- 
jvh mmm^mmm^mnmt^mmmm^i^ < x- 

( xi? ) v>miZ*.mizmtfrt& zktfx-zz. 

[0025] ^LT, Fe^fiSFeiOstigL 
TO. 0 1—0. 3«a%£Lft^ii, Fe**Fe,0 3 
LT 0 . 0 1 St, Fe 0y&$m&&% 

f^tiAY 9HflM<WWIU!SE7fi& 0 . 6 ju mJSLh 
e 2 O 3 tifiLi:0. 3M&%*M}L&k. ^n/X* 

smmtifflBSc^offim^^ d **** < ttt> 



T&ft. UiL<ii0. 0 1—0. 2fig%c9iE 

[0 0 2 6] 2ft, »^tfe(t5^nr^-{ hm 
ft-^c?>m&%LT'&i>m^%^frX'$> *) „ ^n/x* -f 
hM^^D^%^ a B B S^**0 . 6jum5fsfflri±, ST 

3rv vfcfc s i cob* fc± t & jfrftta i: r> TfWt^ 

t . WlW!IJ»^:« < fiTT 4 1 i: *> ta , f'yfy^ 
'( Xi? ) 0*36£ Lfc - v t y^-i 1 X>*^# < ^ "9 

[0027]$ f,ta. 
f}c04^Sff5t^7 0 MP aJiLh, Stmi^ji^O . 
7 M P ami/2Jii±T*4 £ t , 

[0028] «SB*«4 AftffSft«& 7 0MP 

a£Lbn iBWSBteffl* 0 - 7MPam»/«J5Lhi:L^ 

Lfc«® t^wt* t , mmx.mzM?&mti^ v t 

ttffiS:0. 7 5MPam 1 / 2 mJii:'r4^i:* ; m^ 

[0029] t *mto&amm*/iii0>£#: 

b(Zr T i ) Ojffifi^fitOPbCD— gPS:, Ba. S 
r (?) 5 ^— am±t07cSf'S» ito <Z r Ti) 
«0-gE^. (Zn 1/3 Sb 2/3 ) , (Zn 1/S N 
b t/8 K <Ni 1/2 Te 1/2 ) <7)5%— gJSLhO^ 

C-ftl ) 

Pbj.^ySr^Baj, (Zn, /3 Sb z/3 ) a (Zn 1/3 
Nb 2/3 ) „ (Ni 1/2 Te 1/2 ) cZrJij.^H 

o 3 

Jt^L, O^xgO. 10 O^y^O. 10 0<x 
+ y 

Oga^O. 08 O^b^O. 04 O^c^O. 0 
1 

0. 015<a + b 0. 43gd^0. 55 
;it\ Pb (Zr Ti ) O s |BjS3ROPbO— iPS- 
Sr^Ba 0(4, ±^ 4J±S^c d 
hfrhX 1 . S r <7)P$tJt3*x fc B aOSHWt^y* 1 *^ 
mo. lOJcO^IKSr&i:. WRteWMtfctt-F*- 
S^JoTib 1 ?. Aft, 0<x + yfctftO(±. SrXfi 

[0 0 3 0] 4fe v Pb (Zr T i ) 0 3 SfUj5^CD 
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(Zr Ti)cO— gff£. (Zn 1/3 Sb 2/3 )^{Zn 

1/3 Nb !/3 ) TWM-t&va. EmaSkd**»<-* 
hz.ttfX'%&frt>x\ czn 1/3 sb 2/3 ) commit 

^a*>*0. (Zn 1/3 Nb 2/3 ) c?)* 

abfc^ b & 0 . 0 4 & 1 , MfHlf # Wt * * s 4> 
T^Os ±fc, 0. 0 15<a + bttMt (Zn 
1/3 Sb 2/3 )XIJ:(Zn 1/3 Nb 2/3 ) £0. 0 1 5 

[003 1]§^fe, Pb (Zr Ti)O 3 ffl^^c0 
(Zr Ti)c75-SUSr. (Ni 1/2 Te 1/2 )tiit 
WA14^&<^^^^T'&-&*^T'\ (N 
i 1/2 Te 1/2 ) <7>WMitmctfO. OlZMt&t. 

1 5 o -c^x-^^t: i hsmm^^t-ifm t < * 

g<%&fr$>X'$>&, 

[0032]ifc, Pb (Zr Ti) 0 3 l)^0ff 
(MflJcffl^) #£3£U Pb (Zr Ti ) o 3 ^ 

jiw-* p b z r o 3 1 p b t i o 3 <nmmsm*mtmt 
%>CLkiz£ Y)wmt& . Miimmr?**. 

^V^,<Ifc^<. ^MPBIt x. a. b, cCO* 
fc^^^S^. ;K8lifc^d£r0. 43^dS0. 

SSi^^tCiD. flUKEUS. x, a. b. cOffl 
]8MfflftX"M P B &X*% h . 

[00 3 3] .Icoidfc. fclXWkZiXh*<v7?.%-< 

[ 0 0 3 4 ] *fc s *a^£UHHBj«M±* F e . 

iflSfifcSKFe, Al s SifiiO HO. 01H 

[ 0 0 3 5 ] ifcfc, 3fc^BJiOffi^E8tHMfi£^SJt^rj£ 

[0036] 4-f % £B»Pffc LT. 1*»P b 3 
0 4 , Zr0 2 , TiOjfc. SrCO s M'/X(iBaC 
0 3 ^. SfefcZnO, Sb 2 0 3 „ NiO. Te0 2 . N 

MLtzfob. 85 0-^9 0 0X^MStCl—3V^8HSjgt 
+fcl±. =P*B*fc UFe, AU Slfc*m,TH* 
[0037] &tc: s tl^fclfflfttSLs 



fev»T^*^0. 0 1—0. 3aa%fcSr*J:dfc:F 
e,O s £, 0. 01-0. 04S*%fc3r£J:3teAI 

2 o 3 s.t>"s i Oj&^t^tfusaiiu ^-^s/i^tcT 

[0038] j^$fL^fiE«m»ffifi^3(ABk« 

^fftll acft+tcp e v a i . s i #}IAU -a* 
e n A 1 „ s i&-&t%:\^i><7)$:m^&Zi:tf}sk<^ M 

[0 03 9] UpSSL f»fe^JS3B*t«»H*CrC 
**1 1 0 cnc#»Ta$i: v mmtiPF+ftX'&Zt: 

1 3 0 OXlZMi&b . EiK«it^D^* 
■3 „ 

[0040] JtfftiH^ 1100-130 OKWSmXM 

[0041] =$r;fe\ ±ifiLft«JS*ife-rii» ffii&<o«mr 

WLTFe , A 1 s Si *jSaniLT^S**» j^fiS^tfe 
ftS F e OMIj^F e 2 OsdiilLLT 0 . 0 1 — 0. 
3*1%. A 1 &ZSS i ^tim«lA 1 2 0 3s 
SiO 2 tiILT0. 0 1—0. OAm&Xb-f&Z. 

b &x'%k\$. mmmzF e , o 3 . a i , o 3 . s 1 o 2 

Sr^JP-^-r, TfWkb LTF e v A U Si Sr^46i^ 

ts\mm*<r>x-*m^xm®,Lx %>m&%\\ 
[0042] jfc(c % 4^^£EmHBdeib»ffl^t6 

[0043] i?^ y MBH^..y K 10(15 

a»2fc-t4ttit. ssa»2aeftHaj4a*nsfiii:L. 
tzimmm 7 1 . ±ie#ism 1 <vmmm±¥fttz. mm 

XA- 7 ^ y y^u, ^ y^rtPwJBBft^BHc J: -oX 

* 0 . #piffi 1 <oTmtzmmtzxi§&i$ti. &mm 2 & 
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4£^ftW£j£LT&&. 

[0044 J -S-LT, JjaaEBfflW 7 £ JEteS-f S£E«« 
jWffllK FeSFcOsSlfttO. 01~O. 3S 
A l&tfS iHtlfflAljO,, Si0 2 gHT 
"CO. 0 1-0. 04SS»««fr**L 4 89^ 
««(C. Pb (Zr Ti) 0 3 ffifi^cDPb^-SU 

Ba, sroa^-aisuKwaBTiinu 

(Zr Ti)(D-g]5£ % (Zm/8 Sb, /a ) s (Z 
ni/3 Nb 2/3 ) s (Nii /2 Tei/i)«Jfe-lH 

AmT-^Sfcfc^t, 4j£ftffSfiJ^7 0MPaJaJt s 
c#l 0 0J2LhT*&«afi*fcJ: OJPJRLT**. 4 

[00453 fLT, i«WyK10J:9-f ^»ttt 

aw-* us, -f y?&mi4 1 *)^m2^sm^ a y 

?^c?M £eSAt~£ k k fcfc. PIM 1 

«a»fflffig3tc:«jBE&wanLrHiai 
[oo46]f^H2(a) ( b ) izzomummz 

yrctX 5 fc, #|;iiffgtraTOS 3 b , 3 c&l«&Mm 
ffi3 h . 3 i fc**i<?*ijEBa«ffi*s IHKfflSHK 3 
a, 3 d&tffES&ffi®i3g, 3 j t^n-ftL^Om 

±l>-f^ 1 9}lt!J&jE£U 02 (a) t^idtPSfi 
1 aXtfPISfc 1 b &mm 2 atfSKJElftSSfltf-* k k i> 
fc. HK1 d, 1 e*«Sa»2 dfiHMBiaSB&*-S>t«>. 
M&2a, 2drt£3fcS$fifc^V:?£anffL*e. -f ^ 

fL #Ssiflffl®&3a~3 d , 3 g~-3 j 

Bft-st. raseBfiurv^BBii a, ib, id. 1 
e trn'mm^x ^xj&mmzm. <o . m 2 a , 2d 

£ 4 1 Kfi* Lft:IElJffl«^ 3 a— 3 d , 3 s 
-3 j ^ffiffi£ifingLT*E&lMirf-* k . M2 ( b ) 
fc^T J: o izmm la, lb 2 a CM t-C £MK!K 
Sft^ftT|-& fc k fc, PBfi 1 d . 1 e A*St»2 d fc*f 
LT?HKi«fit4 . Sa» 2 a , 2 d ft& § £> 



a-3 d , 3g-3j 'V*8B«fcaBW* k . JSfflSffl 
LTV^RHE la, lb, Id, 1 e jftSptffi^Mfc J: 

[ 0 0 4 7 3 * Lt, *JBHBfeJ:*Ltf, nee 1 wmt 

"TS «tc^«jE«^ic d £ frt § k k €> te . Jf«« 
S 3 t3K LT^-^fp] k rtifcttff fcjWfC 

CO 04 8 3 4fc % SUMBtf7fcJRtfW-*fc»«:i}, BE 
fciot, Kffifil^ilBl OOjumJilT. 1 50wm 

—5oo^< maae^osn^fcjBx lt t> . Bfg!natr*4PB 
i oaijsfciffft^^ >y e>-^ (w> m^xmtp'j?* 

<. ^v}*10<mmz&*)Zfa±.$-li:&Z.t&X'%Z> 
bbi>tz.Mmi IzltWlix^i- y vy? (Xif) mv>X 

fi**»4ik36*TS, BiElwSSLfcJSiIKSffifcJ: 

§ ^ k i6^rKSriB«ff£0!)«v y h* l 0 k i k 

[00493 JJU:, *»!HoJE«0Nf8ffiJfi«J^ja^/iJC 
MMk LTW ^ «y MBIi^-y H 1 0 tMfcfc ->T 
KWLfcje*, *»BfcW»4^'j' K 1 0{i, SI t^L 

[00503 

Fe,0 3 , A 1 2 0 3 . S i O^WiWh. ZtlhOW&U 

[00513 mmmmjfcmwmmfttb lx. 

Pb 3 O t> ZrO !s TiOj, SrC0 3 , BaC0 3s 
ZnO, Sb 2 0 3 . NiO. TeOj, Nb 2 0 5 Srfflf 

zti^tKv&mjnmo^justmtfm. 1 k ^4 i 3 fc 
offlM^L)t. <jcfci<sDa-^ft&9aiL. 900 
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[oo52]»;ic. %htitzw>$mmz, m 1 vmrnx- 

Fe 2 O a , Al 2 0 3s S i O^mtUL^m. MW^tL 

X&£Mt, z r o 2 M^-^mm * /Wc 

X 2 0 H$ffla&$ft$ L, ?^CX7'J -fc^ \z--)V<T) 
U 1. 5 X 1 0*N/m*<7)j^JBET'l o OmmX 1 0 

Mlfct, 12 5 0 T;f!Tgfc<aiW£r*Bfc$-& * t IC i 

15 . * 1 t t z^i±m®.mmm&%te. 

[ 0 0 5 3 ] 3rfc\ ft 4>n^#ffilimg§^^c7)fflj^ 

[ 0 0 5 4 ] ^ LT. #^ixfcffima^M^±T® 
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